Introduction. PSR J0737-3039 is the only double pulsar known to date [1, 2] . Thanks to precision timing of the radio pulses from its 1.338 M primary component (PSR J0737-3039A, hereafter pulsar A), many of the system's post-Keplerian parameters, describing relativistic corrections to the orbital motion, are well-measured [3] . In particular, the periastron advance has been determined to better than 1 part in 10 4 . Part of the advance is due to relativistic spin-orbit coupling [4] , and forthcoming improvements in the measurement of the orbital decay will permit the spin correction to be distinguished from the standard post-Newtonian advance [5] . The measurement of pulsar A's spin angular momentum S is expected to determine its moment of inertia I with ∼ 10% accuracy in the next few years [2, 5, 6] . A moment of inertia measurement is highly anticipated because of its ability to constrain the neutron star equation of statethe pressure-density relation inside the star-in the highdensity regime [6] [7] [8] [9] ; such a constraint would have implications for the mass distribution of astrophysical neutron stars, the end state of binary mergers, and r-process nucleosynthesis, among other questions [10] .
The macroscopic properties of neutron stars, including the moment of inertia I, depend strongly on the characteristics of ultra-dense matter encoded in the equation of state. Since the supranuclear densities attained in the core of a neutron star are beyond the reach of laboratory experiments, the equation of state is poorly constrained above ρ nuc ≈ 2.8 × 10
14 g/cm 3 . Competing models from nuclear theory disagree on the structure and composition of the core: predicted densities vary by nearly an order of magnitude, and the abundances of exotic particles like hyperons or free quarks are uncertain [10] . Astrophysical observations of neutron stars are critically important for resolving these disagreements.
One observational approach that has recently borne fruit consists of gravitational-wave measurement of the neutron-star tidal deformability, Λ. The tidal deformability is an intrinsic stellar property that determines how easily a star is deformed by tidal forces. It correlates strongly with the stiffness of the equation of state, i.e. the size of the pressure gradients inside the star. In a binary, the gravitational field of a neutron star's companion generically raises a stellar quadrupole moment whose amplitude is proportional to Λ. The tidal bulge sources gravitational radiation, dissipating energy and slightly accelerating the coalescence relative to the merger of point-particles. The net effect on the waveform is a small but measurable Λ-dependent phase shift [11] [12] [13] .
The amplitude of the tidal phase shift was constrained by Advanced LIGO's [14] and Virgo's [15] detection of GW170817, a loud compact binary merger signal identified [16] in gravitational-wave strain data [17] and determined to be astrophysical in origin [18] . After removing a noise transient present in LIGO data [19] , analysis of the properties of the source [20] yielded the first observational bounds on tidal deformability, which were presented with the discovery [21] . The initial analysis of the tidal phasing in Ref. [21] set a 90%-credible upper bound of Λ 1.4 ≤ 800 on the tidal deformability of a 1.4 M neutron star. That study did not explicitly assume that both compact objects were neutron stars, as the gravitational-wave data alone could not rule out the possibility of a neutron-star black-hole merger. A subsequent analysis, which assumed-based on electromagnetic data and other indicators-that the binary consisted of neutron stars with the same equation of state [22] , tightened the bounds to Λ 1.4 = 190 +390 −120 at 90% confidence [23] . Ref. [23] 's bounds are the most stringent constraints on neutron-star tidal deformability reported to date.
Because the neutron-star equation of state is believed to be universal, the tidal deformability constraints from GW170817 have implications for all neutron stars, including PSR J0737-3039. In this letter, the 90% confidence interval on Λ 1.4 from GW170817 is translated into a direct constraint on the moment of inertia of pulsar A. The conversion relies on the existence of universal relations for neutron stars [24] , functional relationships between pairs of internal-structure dependent observables that turn out to be approximately insensitive to the equation of state (see Ref. [25] for a review). Two types of universal relation are employed in this work. The binary Love relation [26] between the tidal deformabilities of two neutron stars of different masses is used to map the Λ 1.4 constraints to Λ bounds, where Λ is the tidal deformability of a 1.338 M star, like pulsar A. The I-Love relation [24] between the dimensionless moment of inertiaĪ := c 4 I/G 2 M 3 and the tidal deformability Λ is used to convert the Λ bounds to a 90% confidence interval on I . Applying the relations to the gravitational-wave tidal constraints quoted above, GW170817 is found to constrain pulsar A's moment of inertia to I = 1.15
This figure accounts for the error associated with the approximate nature of the universal relations, and explicitly relies on the identification of GW170817 as a binary neutron star merger. The minimal-assumption upper bound on Λ 1.4 corresponds to I ≤ 1.67 × 10 45 g cm 2 . These constraints are displayed in Fig. 1 alongside the moments of inertia predicted by various candidate equations of state. We observe that the gravitational-wave data favor small moments of inertia at M = 1.338 M , a feature of soft models. This is consistent with the inferences drawn from the tidal deformability itself [21, 23] , as the I constraints are derived from the same underlying observational data.
Candidate equations of state. The binary Love and I-Love relations are calculated using a large set of candidate neutron-star equations of state based on relativistic mean-field (RMF) and Skyrme-Hartree-Fock (SHF) treatments of the nuclear microphysics. These models' coupling constants are fixed by fitting to experimental data on the structure of select finite nuclei and the saturation properties of bulk nuclear matter [27] [28] [29] [30] . They closely reproduce observed features of nuclear matter at both microscopic and macroscopic scales, including the neutron skin thickness [28] , the specific energy of subsaturation neutron matter [27, 31] , and the masses and radii of astrophysical neutron stars [32] . Moreover, the RMF and SHF equations of state are causal and thermodynamically stable by construction [33] . The 53 recently developed RMF and SHF models considered here [34] each support a 1.93 M star, a conservative lower bound on the maximum neutron star mass [35] .
Our representative set of equations of state comprises the RMF npeµ-matter models BKA20 [36] , BSP [37] , BSR2, BSR6 [36, 38] , FSUGarnet [39] , FSUGold2 [40] , G3 [27] , GM1 [41] , IOPB-I [28] , Model1 [42] , MPA1 [43] , MS1b [44] , NL3 [45] , NL3ωρ [46] , SINPA [47] , TM1 [48] with standard nonlinear interactions and higherorder couplings, and DD2 [49] , DDHδ [50] , DDME2 [51] with density-dependent linear interactions; the hyperonic npeµY -matter variants NL3Y, NL3Yss, NL3ωρY, NL3ωρYss, GM1Y, BSR2Y, BSR6Y, DDME2Y, DD2Y [32] ; and the SHF npeµ-matter models BSk20, BSk21 [52] , BSk22, BSk23, BSk24, BSk25, BSk26 [31] , KDE0v1 [53] , Rs [54] , SK255, SK272 [29] , SKa, SKb [55] , SkI2, SkI3, SkI4, SkI5 [56] , SkI6 [57] , SkMP [58] , SKOp [59] , SLY2, SLY9 [60] , SLY230a [61] , SLY4 [30] . The BCPM model [62] , based on modern microscopic calculations using the Argonne v 18 potential plus three-body forces computed with the Urbana model, is also considered.
Many of these equations of state are unified -they represent a single pressure-density relation that applies from the crust of the neutron star to its core. For these models, the outer crust is described by the BPS model [63] , and the inner crust equation of state is obtained with either a Thomas-Fermi calculation [64] (RMF) or the compressible liquid drop model plus variational methods [32, 65] (SHF). Some of the models (BSP, FSUGarnet, G3, IOPB-I, Model1, MPA1, MS1b, SINPA) are available as core equations of state only, in which case we affix an SLY4 crust at low densities.
For the calculation of the relevant neutron star prop-erties, namely I and Λ, we adopt a piecewise polytrope representation of the equation of state. Phenomenological parameterizations of this kind have been shown to accurately reproduce the properties of a wide range of candidate equations of state [66] . In a piecewise polytrope, the equation of state in the i th segment is p(ρ) = K i ρ Γi , where p is the pressure, ρ is the mass density, Γ i is the adiabatic index and K i is a constant of proportionality with dimensions of [density]
1−Γi /c 2 . The total energy density in the i th segment is µ(ρ) = ρc 2 + p/(Γ i − 1). Here we implement the specific parameterization of Ref. [66] , which joins a three-segment piecewise polytrope to a low-density crust. It fixes the dividing densities ρ 1 = 10 14.7 g/cm 3 , ρ 2 = 10 15.0 g/cm 3 between core segments, and has four free parameters: p 1 = p(ρ 1 ), the pressure at the first dividing density; and Γ 1 , Γ 2 and Γ 3 , the adiabatic indices for each of the polytropic segments. We fit the piecewise polytrope model to the tabulated equation of state data using the procedure described in Ref. [66] . Details of these computations, and the resulting parameterizations, will appear elsewhere [67] .
Neutron star properties. The moment of inertia and tidal deformability of a neutron star are calculated by numerically integrating a system of equations of stellar structure. The Tolman-Oppenheimer-Volkoff equations [68] 
where f (r) := 1 − 2Gm/c 2 r, determine the profiles of total energy density µ(r), pressure p(r) and mass m(r) throughout the star. The stellar radius R is defined by the condition p(R) = 0, and the star's mass is M := m(R). The moment of inertia is computed by solving Hartle's slow rotation equation [69] 
for the frame-dragging function ω(r); its surficial value ω s := ω(R) fixes the moment of inertia via
The tidal perturbation η(r) of the star's spacetime metric is governed by the equation [70] r dη dr
where
The tidal deformability is related to the surficial value η s := η(R) of the pertubation through
where C := GM/c 2 R, f s := f (R), and F (r) := 2 F 1 (3, 5, 6, 2GM/c 2 r) is a hypergeometric function; F and dF/dr are evaluated at r = R.
With a specification of the equation of state to close the system, Eqs. (1)- (3) are integrated simultaneously from the center of the star, where the central density ρ c := ρ(0) must be prescribed, to its surface. A sequence of stable neutron stars is constructed by sampling ρ c values up to ρ max , the central density for which the stellar mass reaches a maximum M max . Beyond ρ max , the stars become unstable to radial perturbations [71] .
Selecting 50 logarithmically spaced central densities in the interval [1.0, 8.5] ρ nuc for the integrations, we compute a stable mass-sequence for each of our 53 equations of state. The moment of inertia and tidal deformability data obtained in this way are displayed in Figs. 1 and  2 . The dimensionless moment of inertiaĪ(M ) plotted in Fig. 1 is a decreasing function of the mass, with stiffer equations of state producing largerĪ at fixed M . Because Eq. (2) neglects rotational and tidal deformations of the neutron star, the moment of inertia we compute is that of a spherical star. The corrections to I enter at second order in the dimensionless spin χ := cS/GM 2 and at first order in the tidal perturbation := δR/R. Since neutrons stars in binaries are expected to rotate slowly [72] , spin corrections to the stellar structure are of order χ 2 ∼ 10 −3 . Similarly, tidal corrections to the neutron star's shape are of order (R/r 12 ) 3 ∼ 10 −15 , where r 12 is the binary separation [73] . We therefore neglect both O(χ 2 ) and O( ) corrections to I in this work. 
1/5 to 1.188 M , the most likely value from the parameter estimation of Ref. [21] , and have allowed the mass ratio q := M 2 /M 1 to run from 0.7 to 1.0, the inferred range of q assuming small neutron star spins. We also plot the 90% (50%) credible contours for the parameter estimation of Λ from Refs. [21, 23] with solid (dashed) lines. The curves lying outside the contours are disfavored by GW170817; we observe that softer models, which produce smaller values of Λ for fixed M , better match the observational data.
Universal relations. The binary Love and I-Love relations are calculated by performing log-log polynomial fits to the tidal deformability and moment of inertia data computed for the equations of state of interest. For the binary Love relation, the tidal deformabilities 
is performed, with the coefficients a n determined by least-squares regression (see Table I ). We have chosen a linear fit for the relation so as not to bias the extrapolation to the sparsely populated low-Λ region of the plot, where the lower bound on the tidal deformability is located. As expected, the tidal deformabilities for all the equations of state hew closely to the fit, with deviations ∆Λ = |Λ − Λ fit |/Λ fit of no more than 3%. The fit residuals are plotted in the lower panel of Fig. 3 . is performed, yielding the coefficients c n listed in Table I . The deviations from the fit are also plotted in Fig. 4 , and do not exceed 0.6% error. Taken together, the binary Love and I-Love relations imply that
Applying this formula to the 90%-credible Λ 1.4 constraints from GW170817, we obtain the bounds I = 11.10
−2.28 . (The minimal-assumption upper bound isĪ ≤ 16.08.) These correspond the constraints on I given in the Introduction, after accounting for the uncertainty introduced by the dispersion in the universal relations. We model the error as a Gaussian centred on the fit with a symmetric two-sided 90% confidence interval approximated by the maximum deviations from Figs. 3 and 4. We have also verified that the results are insensitive to our choices of equations of state. If we use the 2%-accurate I-Love relation of Ref. [24] , computed with a different set of models, in place of Eq. (7), the 90% confidence interval on I is unchanged. Discussion. A precise astrophysical measurement of pulsar A's moment of inertia is expected in the near future. The measured value of I can be compared against the GW170817-based constraints presented here to test the universality of the neutron-star equation of state. Exotic stars with non-standard internal structure have been proposed as neutron star mimickers [74] [75] [76] [77] [78] . If the neutron stars of GW170817 and PSR J0737-3039 hail from different populations-if, for instance, the former are SLY4-stars and the latter are quark stars-the modelindependent mapping of Eq. (8) would break down, and the inference made here would be invalid.
It may also be possible to leverage the measured value of I to independently corroborate the waveform phase models used to extract the tidal deformability from the gravitational-wave signal. Analytic models of the tidal phase accumulate systematic error from omitted post-Newtonian point-particle and tidal terms [79] [80] [81] . While one can control for the known omissions, the accuracy of current phase models would be confirmed if the gravitational-wave tidal constraints on I persistently agree with electromagnetic measurements as our knowledge of Λ 1.4 improves with further detections of neutron star mergers.
Finally, taken in conjunction with pulsar A's known rotational frequency of 276.8 Hz, the moment of inertia bounds from GW170817 constrain the star's dimensionless spin to be χ = 0.020 +0.007 −0.004 at 90% confidence. (The minimal-assumption upper bound on the spin is χ ≤ 0.029.) Hence, pulsar A rotates slowly, in keeping with expectations for binary neutron stars [13, 82] . We remark that this spin inference is model-independent, relying only on the universality of the equation of state.
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